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Data Buses 


In electronic systems 





In this article we take a look at the pros and cons of different types of 
data bus structure in electrical design and compare some of the more 


popular varieties of serial bus available today. 


Mention the word bus and chances are that 
most people would conjure up a picture of the 
big red double-decker variety used for mov- 
ing people from one point to another. In this 
article we concern ourselves with the elec- 
tronic variety: the data bus. There is however 
a link between the two, in both cases ‘bus’ is 
just the name given to the vehicle or carrier 
used for transporting things, in one case it is 
people and in the other it is bits of informa- 
tion. 

Choosing the right type of data bus for a 
particular application is often a crucial 
design decision and it’s important to study 
the specifications of bus structures available 
today to determine which is most suitable. If 
the finished equipment interfaces to third- 
party products make sure that the chosen 
bus is well supported and allows maximum 
flexibility. 

The main questions to ask when deciding 
on the type of bus system to implement in a 
design are: 


— How fast does the data need to be trans- 
ferred? 


— How many devices need to connect to the 
bus (now and in the future)? 


—Is the cost of the bus design important? 
(Will the finished design be used in high- 
volume, low-cost equipment’). 


Data buses can be broadly split into serial or 
parallel configuration using either synchro- 
nous (the data is sent along with some sort 
of clock signal to transfer the data) or asyn- 
chronous (where data is transferred without 
a Clock). 
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Figure |. Every bus is a carrier. 


The parallel Bus 

A parallel data bus will typically 
have a minimum of eight bi-direc- 
tional parallel data paths to send 
information between devices on the 
bus. Microcontrollers and DSPs with 
32 bit data buses are currently being 
produced for applications requiring 
high-speed data manipulation. In 
short, parallel buses are chosen 
when you cannot compromise on 
data throughput: they will typically 
be used within equipment, over 
short distances to connect processor 
busses with their memory chips and 
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other fast memory hardware. 


The serial Bus 
The serial bus structure uses just 
one single data path to send or 
receive information. A typical serial 
bus would use a minimum of three 
wires to transfer data. A byte of 
information is split into its individual 
bits, passed over the serial data line 
one after another and then reassem- 
bled into a byte at the receiver. 
Even from this simple outline you 
have probably already worked out 
the strengths and weaknesses of 
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Figure 3. Data transfer on the I2C-Bus. 


these two main contenders for bus 
layouts. The serial bus squeezes all 
the information down a single wire 
so data transfer will be relatively 
slow compared to the parallel bus 
that offers many more simultaneous 
data paths. The parallel bus requires 
more hardware in the form of con- 
nectors and cabling and this can 
give rise to problems for densely 
packed PCB layouts. 

In addition to data signals, the 
parallel bus also requires some form 
of latch signal or chip select (some- 
times called STROBE or ENABLE) to 
synchronise the data transfer. Asyn- 
chronous parallel buses are another 
variant and use a handshake system 
to transfer data: the transmitting 
device places data on the bus and 
then issues a strobe to the receiving 
device indicating that data is avail- 
able to be read. The receiver reads 
the data and sends an acknowledge 
signal back to the sender to indicate 
that the data has been read. This 
type of data transfer is termed ‘inter- 
locked communication’ and ensures 
that devices on the bus with differ- 
ent response times can communi- 
cate without problems. 
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Microwire Bus 


Despite their inherently lower per- 
formance compared to parallel 
buses, synchronous serial busses are 
the most prolific, the majority of 
external interfaces to PCs are serial 
and there are a host of synchronous 
bus standards to choose from to suit 
all situations. 

The Microwire bus is one example 
of this type of bus; it was developed 
by National Semiconductor and is 
implemented on the COP8 family of 
processors. This bus is used predom- 
inantly as an interface to serial EEP- 
ROMs such as the 93C46 (a 64x16 bit 
EEPROM). Microwire belongs to the 
‘4-wire’ family of busses because 
each slave connects to the bus via 
SO (serial data out from the master), 
SI (serial data into the master) and 
SK (the signal clock), together with a 
chip select giving four signal wires to 
each slave device. A disadvantage of 
this bus implementation is that each 
slave device on the bus requires its 
own chip select signal so that with 
ten slave devices on the bus, the 
master device needs to generate ten 
chip select signals. The Microwire 


bus has not been too widely adopted for this 
reason and is almost exclusively used in a 
‘single-master single-slave’ system. Typical 
applications for this bus are memory modules 
(EEPROMs) in phones to store telephone num- 
bers or tuner memory in TV sets or satellite 
receivers to store channel frequency data and 
also in other consumer equipment where 
information is stored and does not need to be 
changed very often. 


The I2C Bus 


The I2C bus was designed by Philips around 
twenty years ago and has since been widely 
adopted throughout the electronics world. 
The I2C (Inter Integrated Circuit) bus consists 
of just two (bi-directional) wires SDA (Serial 
Data) and SCL (Serial Clock). Originally the 
bus specification defined a seven bit device 
address, allowing up to 128 devices to be 
addressed (2’ = 128) and the maximum data 
rate was 100 kbits/s but since a revision in 
1992 the device address has gone up to 10 
bits and the maximum data rate has been 
increased to 400 kbits/s (fast-mode), back- 
ward compatibility to the earlier specification 
is retained (more recently the data rate has 
undergone a further speed increase). Figure 
2 shows the general structure of an I2C bus 
layout with all devices connecting to both 
SDA and SCL. 

Unlike the Microwire bus the I2C bus does 
not use a separate wire to address slave 
devices but instead defines device addresses 
in the communication protocol so that each 
device has a unique address. Devices con- 
nected to the bus can be either master or 
slave and I2C is a ‘multi-master’ bus that 
allows bus control by more than one device. 

The I2C message format is shown in Fig- 
ure 3, each message begins with a start 
sequence and is terminated by a stop 
sequence. The start condition is indicated 
uniquely by a falling edge on SDA while SCL 
is high and the stop condition is indicated by 
a rising edge on SDA while SCL is high, at all 
other times SDA only changes when SCL is 
low. A pull-up resistor on SDA ensures that 
the bus goes to a logic ‘1’ in between mes- 
sages. The clock pulses on SCL are generated 
by the master device sending the message 
and are inhibited between messages. 

The message begins with a 7-bit slave 
address followed by a single R/W 
(read/write) bit. If this bit is a ‘0’ the master 
will be transmitting data while a ‘1’ indicates 
that the master will be expecting to receive 
data from the slave. The PCF8574 port 
expander chip has an I2C interface and can 
be addressed to either read or write informa- 
tion so that if ‘read’ is selected it will send 
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back the logical state of its input port while 
‘write’ will output data from the master to its 
output port. 

An acknowledge (ACK) signal is used to 
ensure that the addressed slave device is 
working correctly: the master device contin- 
ues to produce the clock signal during this 
one bit period but releases the data line so 
that it rises to a logic ‘1’ it is now the slave 
devices job to pull the data line low just for 
this one bit period to produce the acknowl- 
edge signal. An ACK signal is also required 
after each 8 bits of data. 

The specification has been revised to 
expand the numbers of device addresses, 
increase data rate and also to operate at 
lower voltage levels so that this bus remains 
a popular choice for communications 
between different micro modules in the con- 
sumer and entertainment fields. This stan- 
dard is well supported and there is a wide 
selection of bus devices for connecting sen- 
sors and actuators. 


1 Wire Bus 


Lastly we will take a look at the ‘1-wire bus’ 
(also known as MicroLAN) from Dallas Semi- 
conductor. This bus design uses just a single 
data wire to transfer data and also power to 
the one wire chip. This method of power feed 
is known as a parasitic power connection. To 
complete the circuit to the bus it is of course 
necessary to provide an earth return path so 
two connections are actually required. This 
bus needs very little interface hardware and 
uses a sophisticated software protocol to 
ensure data security. 

The sending device sends data by pulling 
the data line low. If the line is low for less 
than 15 us the receiving device interprets this 
pulse as a logic ‘1’, pulses that are at least 
60 us are interpreted as a logic ‘0’. 





Figure 5. A ring iButton 
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Figure 4. Format of the 64 Bit memory. 


The tolerances on these timing 
pulses are deliberately wide to allow 
for worst-case timing inaccuracies in 
the slaves. The 1-wire bus is classed 
as a PWM (Pulse Width Modulated) 
coded bus system. 

The advantages of the 1-wire bus 
are clear: very little hardware inter- 
facing is required and the develop- 
ment and production costs are low. 

As an example of a 1-wire device, 
the DS2401 is a ‘silicon serial num- 
ber’ or ID chip and is packaged as an 
SMD or as a three pin TO92 outline 
(like a small-signal transistor). This 
device just contains a unique serial 
number programmed during manu- 
facture. It can be used as an identifi- 
cation device for a PCB or piece of 
equipment to enable the bus master 
to identify devices connected to the 
bus, its serial number can be read 
out but it is not possible to write to 
the chip. The format of the stored 
serial number is shown in Figure 4. 
The least significant byte is an 8-bit 
family code identifying the type of 
device. The next 48 bits is a unique 
(factory programmed) serial number 
while the most significant byte con- 
tains a CRC (Cyclic Redundancy 
check), used to detect any data cor- 
ruption of the preceding seven 
bytes. The large 48-bit serial number 
(248 = 2.8x1014) ensures that each 
device produced can have a unique 
address. 

One-way communication is not 
the only thing that the 1-wire bus 
has to offer, as well as the ID chips 
there is also a wide and growing 
range of different 1-wire devices 
ranging from simple EEPROMs to 
easily programmable real-time 
clocks with event counters and 
multi-channel Analogue to Digital 
converters. The unique 48-bit serial 
number and 8-bit family code asso- 
ciated with every individual device 
produced ensures complete compo- 
nent traceability. 

The designers of the bus protocol 
have built-in some interesting and 
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original features. The bus master can 
issue a Search ROM command to 
allow it to identify the 64 bit codes of 
all the attached devices on the bus 
or a Skip ROM which saves time in a 
single drop bus system by allowing 
the bus master access to the control 
functions without the need to pro- 
vide the 64 bit ROM code. These fea- 
tures and many others make the 1- 
wire bus a very powerful solution for 
many applications. 

As electronic systems get larger 
and more complex so the numbers of 
sensors and actuators connected to 
the bus increases which leads to 
greater bus loading and a greater 
volume of data to be processed. Bus 
couplers (the DS2409 together with 
the DS2406) can be used in this case 
to split large bus systems into many 
smaller branches to reduce the bus 
loading. 

A good application example for 
the 1-wire bus would be in the area 
of personnel entry or ‘clocking in’ 
systems for industry. Each employee 
would carry their uniquely coded 
chip that would communicate with a 
central processor and allow them 
access to permitted areas. 

A 1-wire device called an iButton 
has been developed for just these 
types of applications. The device is 
a 16 mm diameter stainless steel 
capsule containing a 1-wire device 
that can be mounted in a key fob 
(Figure 5). The capsule casing offers 
good electrical shielding from 
sources of interference and is robust 
enough to withstand pressure equiv- 
alent to being stepped on... just try 
that with a chipcard! (On second 
thoughts maybe that’s not such a 
good idea). 
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